Abstract Experimental studies on nonneutral (pure electron) plasmas of finite temperature, trapped in helical closed magnetic surfaces have been conducted. The helical electron plasmas are produced with thermal electrons launched from the outside of the last closed flux surface (LCFS). About 150 μs after the electron injection, the plasmas reach equilibrium state. Around the LCFS, a steep gradient of plasma space potential φ s is formed. The corresponding radial electric field is about 2.5 kV/m. On the other hand, around the magnetic axis of helical magnetic surfaces, φ s is almost constant, indicating that there are little electrons there. The volumeaveraged electron density is on the order of 10 13 m −3 , smaller than the Brillouin density limit. The confinement time seems to be limited by a disruptive instability, and is so far about 1.5 ms.
A picture of the LaB 6 emitter offers a possibility of reproportioning electrons and ions inside magnetic surfaces because the field is completely closed. This property may be applied to produce various fascinating plasmas such as two-fluid plasmas or electron-positron plasmas which have been studied mainly theoretically. The Compact Helical System (CHS) machine [4] is one of middle-sized stellarator devices for fusion plasmas, which can thus precisely form helical magnetic surfaces. A schematic drawing of CHS can be found in [4, 5] . Using the machine, we have studied helical nonneutral plasmas having hot electron temperature T e up to ∼ 250 eV. In order to produce the plasma on CHS, thermal electrons have been injected via stochastic magnetic layer [5, 6] . Large space potential of the produced helical nonneutral plasma has been measured with a high-impedance emissive probe [7] . At the first series of experiments, we have successfully produced hot helical nonneutral plasmas on CHS. In this contributed paper, we present experimental results on basic properties of CHS helical nonneutral (electron) plasmas.
Properties of helical electron plasmas on CHS
Experiments have been conducted on CHS whose major R and average minor radiir are 1.0 and 0.2 m, respectively. The key parameter which identifies the configuration is the magnetic axis R ax that is usually fixed at R = 101.6 cm. For this case, the stochastic magnetic region (SMR) [5, 6] is present where the LCFS is completely detached from the vacuum chamber. Thus, helical magnetic surfaces are electrically isolated. The typical magnetic field strength B is 0.9 kG at R ax , which yields ρ e ∼ 1.3 mm when the maximum speed of electrons is v e ∼ 2 × 10 7 m/s for eV acc ∼ 1.2 keV, where ρ e , v e , and eV acc are the Larmor radius, the electron velocity, and the beam energy, respectively.
Electrons are injected from a diode-type electron gun (henceforth called e-gun) which uses a LaB 6 emitter as the cathode. Figure 1 shows a picture of the LaB 6 emitter. Values of beam current (I b ) and eV acc of the injected electrons can be varied. The e-gun is installed in the equatorial plane at z = 0 and the cathode is placed in the SMR, usually at r ∼ 117.5 cm which is about 2 cm outside the LCFS. Nevertheless, substantial penetration of the injected electrons is observed in ∼ 100 μs [5, 6] and helical electron plasmas are produced inside magnetic surfaces.
Plasma space potential φ s
Plasma space potential φ s are measured with the high-impedance emissive probe, and the data can be obtained at two different cross sections along the r and z axes on CHS. Here, we use a cylindrical coordinate measured from the center of the torus. Figure 2 shows a typical data of φ s (r) and φ s (z) for V acc = 1.2 kV. The horizontal axis is shown in 1/2 where 1/2 = 0 and 1 correspond to the R ax and LCFS, respectively. As recognized, large negative potential of φ s is formed in magnetic surfaces. The corresponding electric field E is also depicted in Fig. 2 , which indicates that the maximum value of E is about 3 kV/m at LCFS.
The value of φ s achieves its maximum in the neighbourhood of R ax . Figure 3 shows φ s at R ax measured against eV acc for cases of B = 0.9, 0.6, and 0.3 kG. As seen from the plotted data in Fig. 3 , φ s increases significantly with V acc . In addition, stronger B results in the larger φ s . These results indicates that the maximum φ s is limited by both eV acc and the strength of B. The dependence on eV acc can roughly be understood by invoking energy conservation for the injected electron. Assuming that the electron drift (rotation) speed is (−∇φ s )/B, it is calculated to be ∼ 10 5 m/s. As will be shown, this value is much smaller than the electron thermal speed v th (> 10 6 m/s). Then, eφ s = eV acc − (3κ T e /2) − ω P eV acc − (3κ T e /2) ≤ eV acc [8] , where 3κ T e /2 and ω P are thermal and drift (rotation) energies, respectively. On the other hand, the dependence on B is probably due to better confinement of electrons in the stronger B. Fig. 4 Typical data of n e (z) for B = 0.9 kG and V acc = 600 V
Electron density n e and temperature T e
The current-voltage (I e -V p ) characteristics are also measured at each magnetic surface using the same emissive probe. Regarding with n e , it is obtained from I e (∼ en e v th S) at V p = φ s , where φ s has been pre-measured just before the I e measurement, where S is the probe area. All other contributions to I e except v th are ignored, because v th is much faster for the presented hot electron plasmas, as mentioned. Figure 4 shows n e (z) for B = 0.9 kG and V acc = 600 V. As seen from the plotted data, values of n e are on the order of 10 13 m −3 in magnetic surfaces. Meanwhile, as explained in Fig. 2 , the value of φ s has decreased monotonically at 1/2 ≥ 0.7, that is, near the plasma boundary. Thus, if we apply ∇ 2 φ s = en e / 0 to the region, the experimental value of n e is inferred to be 10 11−13 m −3 for φ s ∼ 1 kV, which is consistent with the measured n e there.
Here, one notes that unlike for fusion plasmas, n e is non-constant on each magnetic surface. In fact, such a non-uniformity can be recognized also in φ s . Although the detail is now under reviewed [9] , these results confirm a fairly recent theoretical prediction [10] on equilibria of toroidal nonneutral plasmas confined in magnetic surfaces. In fact, by a dimensional analysis of the theory, the variation of φ s on magnetic surfaces could be on the same order of T e /e. Figure 5 shows a preliminary result of T e (z) for V acc = 600 V and B = 0.9 kG. As seen from the data, T e is in the range between 40 and 250 eV. The value of T e approximately corresponds to the observed variations of φ s which are ≤ 150 V. Similar consideration hold also for the V acc = 1 kV case in which T e ≤ 250 eV and the difference in φ s ≤ 350 V.
Confinement time τ N
An estimate of the confinement time τ N of helical electron plasmas can be obtained from the signal of I p placed at the LCFS. Typical data are shown in Fig. 6 , which indicates that I p persists for ∼ 1.5 ms after the electron injection is turned off at t ∼ 1.4 ms. Thus, this result infers that τ N is also about 1.5 ms for this shot. In fact, in most shots, τ N is limited by a disruptive instability whose spike appears at the end of the duration of I p , as seen at t ∼ 3 ms in Fig. 6 . Although the details are still Finally, since τ N is approx. 1 ms, the transport coefficient in experiments D exp is calculated to be ∼r/2τ N ∼ 10 m 2 /s. In most cases of helical neutral plasmas, the dominant transport mechanism is helically trapped particle (HTP) loss [11] . However, this does not account for helical electron plasmas. This is because the speed of HTP can be estimated as m e v 2 e⊥ /(eBR h ) ∼ 3 × 10 4 m/s, where R h is the radius of curvature for B. Thus, the coefficient D h due to the HTP loss is approximately ∼ 10 6 m 2 /s, which is too large to explain D exp . On the other hand, the coefficient due to radial electric field D E [11] is about 10 m 2 /s, which seems to be same order as D exp .
